Brain and spinal cord protection during simultaneous aortic arch and thoracoabdominal aneurysm repair  by Mommertz, Gottfried et al.
Brain and spinal cord protection during
simultaneous aortic arch and thoracoabdominal
aneurysm repair
Gottfried Mommertz, MD, Stephan Langer, MD, Thomas A. Koeppel, MD, Geert W. Schurink, MD,
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Objective: We assessed the surgical and neurological outcome of patients undergoing simultaneous repair of aortic arch
and descending thoracic aortic aneurysms (DTAA) or thoracoabdominal aortic aneurysms (TAAA) via left thoracotomy
or thoracolaparotomy.
Methods:During a 6-year period, we performed 32 procedures in 23male and 9 female patients with DTAA or TAAAwith
concomitant aortic arch aneurysms. The mean age of the patients was 50.9 years (range, 18-75 years). Twenty-two patients
suffered fromDTAA, 4 had type-I TAAA, and 6 had type-II TAAA. The entire aortic arch was involved in 12 patients and the
distal hemi-arch in 20 patients. Themean diameter of the aneurysms was 6 cm (range, 4.9-7.6 cm). All patients were operated
on according to the protocol with cerebrospinal fluid drainage, distal aortic and selective organ perfusion, as well as antegrade
brain perfusion.Neuromonitoringwas performed bymeans ofmotor evoked potentials (MEPs), transcranial Doppler (TCD),
and electroencephalography (EEG).
Results: All patients survived the surgical procedure and 30-day mortality did not occur. At the end of the procedure, all
patients had adequate MEPs, TCD, and EEG. One patient died 47 days after operation due to gastrointestinal bleeding
and therapy-resistant coagulopathy. Major postoperative complications like paraplegia or paraparesis, renal failure, and
myocardial infarction were not encountered. One patient had a stroke but neurological deficits were irrelevant. Mean
preoperative creatinine level was 125mmol/L, which peaked to a mean maximal level of 130 and returned to 92mmol/L
at discharge. Other complications included bleeding requiring surgical intervention (n  4), arrhythmia (n  1),
pneumonia (n 5), and respiratory distress syndrome (n 2). At a median follow-up of 38 months, all but 1 patient was
alive and free of re-intervention.
Conclusion: Single-stage repair of aortic arch and concomitant thoracic and thoracoabdominal aortic aneurysms via
left-sided thoracotomy or thoraco-laparotomy yields excellent short- and midterm outcomes. Monitoring of cerebral and
spinal cord function contributes to improved neurologic outcome. (J Vasc Surg 2009;49:886-92.)Combined aneurysmal disease of the aortic arch and
descending thoracic and thoracoabdominal aorta is rather
common, especially in Marfan patients and patients who
suffered from type-A dissection with longitudinal involve-
ment of the entire aorta. Also, patients with post type-B
dissection requiring aortic repair often have distal aortic
arch involvement, necessitating clamping between the left
carotid and subclavian arteries or even more proximal.
Surgical treatment of such extensive aortic aneurysms rep-
resents a unique surgical challenge,1 including adequate
protection of the heart, maintaining brain integrity, and
minimization of spinal cord injury and organ failure in-
duced by prolonged circulatory arrest times.2
The traditional repair requires a two-stage operation
using the elephant trunk technique.3,4 Initially, the aortic
arch, and if required the ascending aorta, is repaired
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886through a median sternotomy. During the second stage,
the descending thoracic aortic aneurysm (DTAA) or tho-
racoabdominal aortic aneurysm (TAAA) is repaired via a
left thoracotomy or thoracolaparotomy.5,6 More recently,
as a variation of this technique, the reversed and bidirec-
tional elephant trunk was described,7 but still the cumulative
risk for early mortality adds up to 15% after a stage-two repair.
Furthermore, many patients do not return for the second
operation, they can die due to aortic rupture during the time
interval between the procedures, or co-morbidities preclude
another procedure through a lateral thoracotomy.8,9 In other
cases, complications of the first operation render the comple-
tion of the second procedure unfeasible. The second interven-
tion carries the cumulative risk of two major procedures,
leading to additional risks for mortality up to 5%10 and spinal
cord injury risk of 3-10%.11
Endovascular repairs have been applied selectively, replacing
the second-stage procedure. Such repairs potentially avoid the
second complex open operation, however, these procedures
are currently limited to patients who meet certain anatomic
criteria.12,13 With the introduction of the frozen elephant
trunk technique14 and the Chavan-Haverich Endograft,15 a
single-stage repair of combined aortic arch and descending
aortic aneurysms is possible, using a hybrid prosthesis with
a stented and a non-stented end.2 Despite a reported stroke
rate of 12.8%16 it is a lucid contribution in the treatment of
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can profit from this improvement because there are limits
due to anatomic and morphologic criteria. At present,
endovascular treatment of thoracoabdominal aortic aneu-
rysms with concomitant aortic arch disease is still consid-
ered experimental and only applied in compassionate cases.
In our experience with DTAA and TAAA, we identified
aortic arch involvement in approximately 15% of patients,
not amenable for endovascular solutions. We strived for a
single-stage procedure which is only feasible if the ascend-
ing aorta is not diseased or already replaced. We prospec-
tively analyzed the surgical outcome of simultaneous aortic
arch and DTAA-TAAA repair via left thoracotomy or tho-
racolaparotomy using extracorporeal circulation, antegrade
brain, and selective organ perfusion. Brain and spinal cord
integrity were monitored by means of EEG, TCD, and
MEPs.
PATIENTS AND METHODS
During a 6-year period (2002-2008), we performed 32
procedures in 23 male and 9 female patients with DTAA or
TAAAwith concomitant aortic arch pathologies. Themean
age of the patients was 50.9 years (range, 18-75 years).
Twenty-two patients suffered from DTAA, 4 had type-I
TAAA, and 6 had type-II TAAA. The entire aortic arch was
involved in 12 patients and the distal hemi-arch in 20
patients (Table I). Themean diameter of the aneurysms was
6.0 cm (range, 4.9-7.6 cm). Five patients were operated on
for a ruptured aneurysm and in 21 cases the procedure was
a redo operation after previous aortic dissection or aneu-
rysm repair. The 32 procedures were part of 210 DTAA
and TAAA operations we carried out in the same time
period.
Six patients suffered from an acute dissection, defined
as within 14 days of onset, of which 2 were type-A and 4
type-B dissection. Seventeen patients had chronic dissec-
tion (8 type-A; 9 type-B). In 8 patients, Marfan syndrome
was confirmed and all of them had aortic dissection (3
chronic type-A, 4 chronic type-B, and 1 acute type-B). One
of these 32 patients had non-insulin-dependent diabetes
mellitus, 25 patients suffered from arterial hypertension,
and 7 from hyperlipidemia. Five patients had documented
coronary vessel disease; 2 of them underwent previous
coronary surgery and 1was dilated; 3 patients hadmyocardial
Table I. Distribution of aortic affections
Number of
patients
Involvement
of total
aortic arch
Involvement of
distal aortic
hemi-arch
DTAA 22 6 16
TAAA type I 4 3 1
TAAA type II 6 3 3
Total 32 12 20
DTAA, Descending thoracic aortic aneurysm; TAAA, thoracoabdominal
aortic aneurysm.infarction. In 2 patients there was aortic valve insufficiency,and in 3 patients chronic heart failure was encountered; only 1
patient showed atrium fibrillation. Two patients had preoper-
ative renal insufficiency with serum-creatinin levels 1.2
mmol/L and1patientwas already onhemodialysis (Table II).
Because of the extensive procedures, all patients under-
went extensive cardiopulmonary work-up bymeans of cardiac
ultrasound scan and persantin-thallium myocardial scintigra-
phy. Mean left ventricular ejection fraction was 62.5% (range,
50-85%). In patients with scintigraphically-detected myocar-
dial ischemia, coronary angiography was performed. This was
only necessary in 1 patient who showed reversible ischemia
under stress scintigraphy. The pulmonary function was evalu-
ated by means of forced expiratory volume in 1 second,
(mean, 84.78%; range, 35-118%) and forced vital capacity
(mean, 83%; range, 34-128%). Duplex ultrasound scan of the
supra-aortic arteries showed no stenosis or occlusion of the
carotid arteries, although 1 patient had a stroke and another
transient ischemic attack in medical history. Using the Amer-
ican Society of Anesthesiology (ASA)-classification, 1 patient
was graded ASA type IV, 17 type III, 13 type II, and 1 type I.
Surgical protocol. The same protocol was used in all
patients. Intubation is performed with a double-lumen
endotracheal tube or a selective left main bronchus blocker,
enabling collapse of the left lung. Cerebrospinal fluid (CSF)
pressure is assessed with an intrathecal catheter and CSF is
allowed to drain spontaneously if pressure increases above
10 mm Hg. CSF drainage was continued for 72 hours.
Transcranial electrical stimulation is performed to monitor
MEPs. This technique, which has been described in de-
tail,17-19 allows on-line assessment of spinal cord function
and guides the protective and surgical strategies to prevent
paraplegia. These strategies include selective reattachment
of intercostal and lumbar arteries as well as blood pressure
management to maintain spinal cord integrity.
Patients are placed in a left helical position on a vacuum
beanbag, allowing thoracotomy or thoracolaparotomy and
access to the femoral vessels. In patients requiring simulta-
neous arch repair, we use the fifth intercostal space; in
Table II. Preoperative data
Patients
n 32
Median age years 52.9
Arterial hypertension 77.5%
Prior dissection 71.3%
Type A dissection 31%
Type B dissection 40%
Re-do procedure 65.6%
Hyperlipoproteinemia 21.8%
FEV1 2l 15.5%
Myocardial infarction 9.3%
Aortic valve insufficiency 6.2%
Peripheral arterial disease 6.2%
Renal insufficiency (Creatinine 1,2 mmol/L) 6.2%
Renal failure (Hemodialysis) 3.1%
Diabetes mellitus 3.1%
FEV1, Forced expiratory volume in 1 second.DTAA or TAAA only we enter via the sixth intercostal
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over a limited length and, following opening of the crus,
the diaphragm is encircled with a loop enabling movement
of the diaphragm and exposing the aorta without the
necessity of completely transecting the muscle.
The technique of extracorporeal circulation depends
on the extend of the procedure. In DTAA or TAAA with-
out arch involvement, left heart bypass is installed by means
of left atrium or pulmonary vein and left femoral artery
cannulation, using limited heparinization (0.5 mg/kg; ac-
tivated coagulation time approximately 200 seconds). Al-
ternatively, the femoral vein and artery are cannulated using
the same heparinized tubing system and centrifugal pump.
In patients with aortic arch repair, total extracorporeal circu-
lation is installed by means of femoral vein and artery cannu-
lation (full heparinization, 3 mg/kg) and a vent via the left
pulmonary vein. In these cases, patients aremoderately cooled
(25-28 degrees centigrade) where, after the aorta is cross-
clamped distal to the left subclavian artery, the aortic arch
opened and a 24F Foley catheter inserted in the ascending
aorta or previously implanted ascending prosthesis to admin-
ister cardioplegia. Meanwhile, selective antegrade brain
perfusion is installed by means of catheters in the innomi-
nate and left carotid artery, which are connected to the
extracorporeal circuit (Fig 1). The standard total antegrade
cerebral flow is 10mg/kg/minutewith amean pressure of 60
mm Hg. Continuous TCD assessment of both medial cere-
bral arteries and EEG monitor adequacy of brain perfusion
and guide flow and pressure adjustments, if necessary. Mean-
while, distal aortic perfusion provides spinal cord protection
which is assessed bymeans ofMEPs.This “triple-surveillance”
including TCD, EEG, and MEP is our standard neuromoni-
toring protocol in patients undergoing combined aortic arch
and DTAA and TAAA repair (Fig 2).
In Marfan patients and diseased supra-aortic side
Fig 1. Perioperative image of simultaneous arch and TAAA repair
in a young female patient with connective tissue disease. Patient
underwent previous ascending aorta repair. The image shows the
tube graft already anastomosed to the previous ascending graft and
three separate grafts to the innominate artery, left carotid, and left
subclavian arteries with selective perfusion catheters in the polyes-
ter branches, offering continuous antegrade perfusion.branches, the innominate and left carotid artery were re-constructed with selective polyester grafts while continu-
ously perfused. In other cases, these vessels were reattached
in the main graft. Following the arch repair, the selective
catheters were removed, the heart filled and de-aired and
reperfused via cannulation of a prefabricated side branch of
the arch prosthesis (Y-connection in the arterial tubing
system). Subsequently the DTAA or TAAA is replaced.
In general, the TAAA reconstruction is performed from
proximal to distal. However, in extensive (chronic) type B
aortic dissection involving the iliac arteries we prefer to
reverse the surgical direction because of the unpredictable
changes in organ perfusion with retrograde flow through
dissected iliac arteries and aorta. This is feasible if the
infrarenal aorta can be sequentially cross-clamped. At first,
an aorto bi-iliac or aortic tube graft is anastomosed distally,
cross-clamped, and cannulated as arterial inflow site. After
starting extracorporeal circulation, the aortic reconstruc-
tion is commenced with the abdominal phase, followed by
the thoracic segment. The patient is allowed to cool to
32-33 degrees centigrade and actively rewarmed at the end
of the procedure. A four-branched tubing system is con-
nected to the left-sided heart bypass, and these catheters
Fig 2. Schematic drawing depicting “triple surveillance”, includ-
ing electroencephalography (EEG), transcranial Doppler (TCD),
and motor evoked potentials (MEPs).with balloon-inflatable tips are used for perfusion of the
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ies. These perfusion catheters are equipped with pressure
channels, enabling pressure-controlled selective perfusion.
Furthermore, in each catheter volume flow is assessed with
ultrasound scan flow meters. This branched tubing system
is not simultaneously but sequentially used for the supra-
aortic vessels first and the visceral and renal arteries after-
wards. Flow rates in each catheter can be adjusted by means
of external compression on the individual tube. In DTAA
and type I-II TAAA, the proximal cross-clamp position
depends on the extent of the aneurysm. In large proximal
descending thoracic aneurysms, exposure of the aortic arch
can be achieved by opening the pericardium distal to the
phrenic nerve and approach the arch over the pulmonary
artery, subsequently entering the inner curvature of the
arch. This maneuver allows easier circumferential aortic
dissection at the level of the innominate and left carotid
arteries. In any case, the aorta is completely freed from the
esophagus after transection of the ductus arteriosus. If the
shape of the thoracic descending aorta allows sequential
cross-clamping, these positions are prepared enabling step-
by-step reconstruction with assessment of spinal cord in-
tegrity and subsequent reattachment of intercostal arteries,
if necessary. In the abdomen, the aorta is approached via
the left retrocolic and retrorenal access. After the left kidney
is tilted, the left renal artery is dissected and secured with a
vessel loop. After proximal cross-clamping, transection of
the aorta, and performance of the anastomosis, distal aortic
perfusion is maintained at a mean pressure of 60 mmHg or
higher. Based on urine output (15 mL per 15 minutes)
and the amplitude of MEPs, this arterial pressure is in-
creased, if necessary.
Total extracorporeal circulation with open proximal
anastomosis was performed in all 12 patients with involve-
ment of the entire arch and in 6 patients with distal aortic
hemi-arch disease.
RESULTS
The median operation time for all patients was 378
minutes (180-720 minutes; standard deviation 2.04), in-
cluding dissection of the entire aorta, installment of the
extracorporeal system and selective catheters in the supra-
aortic arteries, separate grafting of these vessels, reattach-
ment of intercostal arteries, separate grafting of visceral and
renal arteries, distal anastomosis, and reattachment of lum-
bar arteries, if necessary.
In 18 patients, an open proximal anastomosis was per-
formed under total extracorporeal circulation and cardiac
arrest: 12 had involvement of the entire arch and in another
6 patients with distal hemi-arch pathology no proximal
clamping was feasible. In 14 patients with distal hemi-arch
involvement, the proximal clamp could be safely positioned
between the innominate and left carotid artery (n  9) or
between the left carotid and left subclavian artery (n  5),
allowing limited extracorporeal circulation. The level of the
proximal anastomosis was the ascending aorta in 7 patients,
a previously inserted ascending prosthesis in 6, between the
innominate and left carotid artery in 2, and between the leftcarotid and left subclavian artery in 17 patients (Table III).
The 18 patients with open anastomosis received antegrade
brain perfusion with continuous symmetrical EEG registra-
tions and adequate TCD flow signals. In 2 additional
patients, cross-clamping between the innominate and left
carotid artery caused loss of left hemi spheric blood flow,
requiring antegrade perfusion via the left carotid artery.
The left subclavian artery was occluded in 2 patients
and both were treated with an 8 mm polyester bypass. In
addition, the subclavian artery was bypassed in 23 patients
and re-implanted in 5 patients. In 1 patient with a carotid-
carotid-subclavia bypass, the innominate artery was re-
implanted and another patient with a left carotid-subclavian
bypass the left carotid artery was re-implanted. The left
carotid artery was restored with a bypass in 9 patients and
re-implanted in 4 patients. Bypasses to the innominate
artery were performed in 3 patients and re-implantation
was performed in 10 patients.
The distal anastomosis was performed at the level of the
diaphragm in 22 patients, at the level of renal arteries in 4
patients, and on iliac bifurcation in 6 patients. The celiac
axis was re-implanted in 9 patients, the superior mesenteric
artery in 8 patients, and the right renal artery in 6 patients.
A separate bypass to the left renal artery was constructed in
6 patients (all type II TAAA).
In 3 patients (9.1%) reattachment of intercostal arteries
and in 1 patient (3.2%) a bypass to an intercostal artery was
necessary based on critically decreased amplitudes ofMEPs.
In these patients, cross-clamping the thoracic aorta caused
abolition of the MEPs, despite adequate distal aortic and
mean arterial pressures. Revascularization of intercostal
arteries restored evoked potentials instantaneously.
Perioperative complications were not encountered.
During surgery and cross-clamping, urine output was un-
interrupted in all except in 1 patient who already depended
on hemodialysis before, irrespective of cross-clamp time. At
the end of the procedure, MEPs, bilateral TCD flow mea-
surements and EEG signals were within normal ranges in all
patients.
Clinical outcome and complications. There were no
intraoperative deaths and 30-day mortality did not occur.
Visceral organ ischemia was not encountered. There was no
early, temporary, or delayed paraplegia/paraparesis (Table
IV). Renal insufficiency did not occur. Mean preoperative
creatinine level was 114 mmol/L, which peaked to a mean
maximal level of 126 mmol/L and returned to 90 mmol/L
Table III. Site of proximal and distal anastomosis
Proximal anastomosis Distal anastomosis
Ascending aorta 7 At diaphragm 22
Ascending aortic graft 6 At renal arteries 4
Between innominate and left
carotid artery 2
At aortic bifurcation 6
Between left carotid and
subclavian artery 17at discharge. Two patients already suffered from renal fail-
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renal artery compression but did not deteriorate after the
procedure. In fact, one of the latter patients was on hemo-
dialysis before surgery and selective bypass of both renal
arteries improved renal function, relieving the patient from
further dialysis. Five patients required a re-operation: 4
underwent re-thoracotomy because of hematothorax and
in 1 patient because of an empyema. One patient sustained
a stroke with minimal neurologic sequelae. During short-
term follow-up, 1 patient died at the 47th postoperative
day due to a gastrointestinal bleed and therapy-resistant
thrombocytopenia.
Seven patients (12.8%) developed pneumonia and 2
patients showed evidence of respiratory distress syndrome.
Five of the 7 patients required prolonged ventilatory sup-
port (mean, 15.2 days; range, 5-20 days). One patient had
a persistent postoperative cardiac arrhythmia but myocar-
dial infarction was not encountered.
The majority of patients (n  24) stayed less than 6
days in the intensive care unit and only 8 patients for more
than 6 days. We found the same spreading for intubation
days: 24 patients were intubated less than 4 days and 8
patients longer than 4 days. Mean duration of hospital stay
added up to 28.6 days (range, 11-94 days).
At amedian follow-up of 38months (4-70months), 31
patients (96.8%) were alive, free of re-intervention, and free
of hemodialysis.
DISCUSSION
This study demonstrates that simultaneous surgical
repair of thoracic or thoracoabdominal aortic aneurysms
and aortic arch aneurysms is feasible by means of left sided
thoracotomy or thoracolaparotomy. In this united series,
these extensive surgical procedures were associated with
minimal morbidity and mortality and excellent late out-
come. The explanation for this adequate clinical outcome
has a multifactorial basis. First, extracorporeal circulation
with selective organ perfusion including the brain, spinal
cord, intestines, kidneys, and extremities significantly de-
Table IV. Complications
Patients %
Major complications 4 12.4
Intraoperative death 0
In-hospital death (47th day) 1 3.1
Paraplegia 0
Renal failure 0
Stroke 1 3.1
Empyema requiring re-thoracotomy 1 3.1
Early dilatation of ascending aorta requiring
sternotomy 1 3.1
Minor complications 12 37.2
Bleeding requiring re-thoracotomy 4 12.4
Pneumonia 5 15.5
Adult respiratory distress syndrome (ARDS) 2 6.2
Persistent cardiac arrhythmia 1 3.1creases the risk and damage of stroke, paraplegia, intestinalischemia, and renal failure with subsequent lower morbid-
ity and mortality. Second, the ability of online monitoring
allows continuous information on the function and integ-
rity of these basic organs during the procedure and enables
to adjust surgical and hemodynamic measures in case of
critical changes in brain perfusion (TCD, EEG) or spinal
cord function (MEP). Third, these complex procedures
require a multidisciplinary team effort, including surgery,
cardiology, anesthesia, perfusion, neurophysiology, radiol-
ogy, and hematology, during all parts of the treatment:
preoperative assessment and decision-making, periopera-
tive management, and postoperative intensive care. Besides
experience, the main prerequisites to achieve satisfying
results are infrastructure, logistics, and team dedication.
Series with limited number of patients do not really
allow general conclusions, which also accounts for this
experience with 32 patients. Also, in our experience with an
annual number of approximately 50 open TAAA repairs,
we encounter an overall mortality of 10-12%, indicating the
severe impact of this procedure. Despite the improved
results of open repair in degenerative aneurysms during the
last 2 decades due to the introduction of protective modal-
ities like distal aortic perfusion, selective organ perfusion,
cerebrospinal fluid drainage, and neuromonitoring,19-21
TAAA surgery is still associated with high morbidity and
mortality. Aortic arch repair as a single procedure also
meets significant complications, even with antegrade cere-
bral perfusion techniques. Therefore, it is most likely to
assume that combining TAAA and aortic arch surgery
would induce even worse clinical outcome. Besides the
above mentioned reasons, we believe that our beneficial
outcome is mainly determined by the fact that our patients
were significantly younger (mean, 50 years) as compared to
the standard TAAA population. We have also experienced
this positive impact of younger age in a subgroup ofMarfan
patients, showing absence of mortality and adequate qual-
ity of life after surgery.22
The message of this manuscript is that in patients with
TAAA and concomitant aortic arch disease, simultaneous
repair is feasible, emphasizing that this single-stage proce-
dure is not possible if the ascending aorta is diseased as well.
Combined disease of the aortic arch and DTAA or TAAA is
rather common and therefore it is worthwhile to analyze
the possible surgical options. The traditional approach
describes a two-staged operation via sternotomy first and
left thoracotomy or thoracolaparotomy as a second proce-
dure. The 30-day mortality rate of such staged repair using
the elephant trunk technique is described for stage 1 as
5.1-12%, during the interval as 3.6-8% and after stage 2 as
4-7%. The stroke rate for the proximal aortic procedure
(stage 1) is reported between 1.7% and 5% and paraplegia
has been encountered in 0-3%.8,23,24 It should be noted
that the mortality rate of 3.6-8% during the interval is
mainly determined by rupture of the aneurysm, occurring
in 70% of patients waiting for the second procedure in the
experience of Estrera et al.8 Others have confirmed this
experience with an overall risk of death before undergoing
the completion procedure of up to 15%, with aortic rupture
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and 36% of patients did not return for the second opera-
tion, 30.9-40.6% of these patients died between 1.5
months and 4.9 years after stage 1 and 23-30.8% of deaths
were caused by rupture of the remaining aneurysm.8,23,24
Because of these risks, several authors have advocated
single-stage repair of the entire thoracic aorta.26,27 How-
ever, despite eliminating the interval period with the single-
stage approach, these operations carry substantial morbid-
ity and mortality. Massimo et al26 reported an early
mortality of 15%, spinal cord deficits in 9%, stroke in 3%,
and renal failure in 12%. Alternatively, a single procedure
under circulatory arrest and profound hypothermia can be
performed, especially in complex aortic pathology in which
proximal clamping is precluded.28 Coselli et al28 described
a large group using this technique and reported adequate
outcome.
Recent endovascular innovations allow alternative ap-
proaches for complex aortic arch pathology. Several groups
used endografts for the descending thoracic aorta as the
second-stage procedure in patients who underwent an ele-
phant trunk repair of the arch, however, these hybrid
procedures are only feasible in patients who meet certain
anatomic criteria.12,13 With the introduction of the frozen
elephant trunk technique14 and the Chavan-Haverich En-
dograft,15 a single-stage repair of combined aortic arch and
descending aortic aneurysm is possible. This frozen ele-
phant trunk technique uses a prosthesis with a stented and
a non-stented part and constitutes a lucid improvement of
extensive thoracic aortic aneurysm repair.2 Complications,
however, also occur with a reported stroke rate of 12.8%.16
Limitations of this technique are determined by inappro-
priate anatomy for distal stent fixation and TAAA involve-
ment.
CONCLUSION
The single-stage repair of descending thoracic or tho-
racoabdominal aortic aneurysms with concomitant aortic
arch disease via left-sided thoracotomy or thoracolaparot-
omy is feasible and yields promising short- and midterm
outcomes. Protective measures and perioperative neuro-
monitoring, in addition to experience andmultidisciplinary
team work, contribute to improved results.
AUTHOR CONTRIBUTIONS
Conception and design: MJ, GM
Analysis and interpretation: MJ, GM
Data collection: SL, GS
Writing the article: GM, MJ
Critical revision of the article: TK, WM, MJ
Final approval of the article: MJ, GM
Statistical analysis: Not applicable
Obtained funding: Not applicable
Overall responsibility: MJREFERENCES
1. Azizzadeh A, Estrera AL, Porat EE, Madsen KR, Safi HJ. The hybrid
elephant trunk procedure: a single-stage repair of an ascending, arch,
and descending thoracic aortic aneurysm. J Vasc Surg 2006;44:404-7.
2. Baraki H, Hagl C, Khaladj N, Kallenbach K, Weidemann J, Haverich A,
KarckM. The frozen elephant trunk technique for treatment of thoracic
aortic aneurysms. Ann Thorac Surg 2007;83:S819-23.
3. Borst HG, Walterbusch G, Schaps D. Extensive aortic replacement
using “elephant trunk” prosthesis. Thorac Cardiovasc Surg 1983;31:
37-40.
4. Borst HG, Frank G, Schaps D. Treatment of extensive aortic aneurysms
by a new multiple-stage approach. J Thorac Cardiovasc Surg 1988;95:
11-3.
5. Azizzadeh A, Miller CC III, Huynh TT, Estrera AL, Porat EE, Safi HJ.
Surgical repair of extensive aortic aneurysms. Perspect Vasc Surg Endo-
vasc Ther 2005;17:217-23.
6. Safi HJ, Miller CC III, Estrera AL, Huynh TT, Porat EE, Allen BS,
Sheinbaum R. Staged repair of extensive aortic aneurysms: long-term
experience with the elephant trunk technique. Ann Surg 2004;240:
677-84.
7. Carrel T, Berdat P, Kipfer B, Eckstein F, Schmidli J. The reversed and
bidirectional elephant trunk technique in the treatment of complex
aortic aneurysms. J Thorac Cardiovasc Surg 2001;122:587-91.
8. Estrera AL, Miller CC III, Porat EE, Huynh TT, Winnerkvist A, Safi
HJ. Staged repair of extensive aortic aneurysms. Ann Thorac Surg
2002;74:S1803-5.
9. Schepens MA, Dossche KM, Morshuis WJ, van den Barselaar PJ,
Heijmen RH, Vermeulen FE. The elephant trunk technique: operative
results in 100 consecutive patients. Eur J Cardiothorac Surg 2002;21:
276-81.
10. Svensson LG, Crawford ES, Hess KR, Coselli JS, Raskin S, Shenaq SA,
Safi HJ. Deep hypothermia with circulatory arrest. Determinants of
stroke and early mortality in 656 patients. J Thorac Cardiovasc Surg
1993;106:19-28.
11. Williams GM, Perler BA, Burdick JF, Osterman FA Jr, Mitchell S,
Merine D, et al. Angiographic localization of spinal cord blood supply
and its relationship to postoperative paraplegia. J Vasc Surg 1991;13:
23-33.
12. Fann JI, Dake MD, Semba CP, Liddell RP, Pfeffer TA, Miller DC.
Endovascular stent-grafting after arch aneurysm repair using the “ele-
phant trunk”. Ann Thorac Surg 1995;60:1102-5.
13. Greenberg R, Resch T, Nyman U, Lindh M, Brunkwall J, Brunkwall P,
et al. Endovascular repair of descending thoracic aortic aneurysms: an
early experience with intermediate-term follow-up. J Vasc Surg 2000;
31:147-56.
14. Usui A, Fujimoto K, Ishiguchi T, Yoshikawa M, Akita T, Ueda Y.
Cerebrospinal dysfunction after endovascular stent-grafting via a me-
dian sternotomy: the frozen elephant trunk procedure. Ann Thorac
Surg 2002;74:S1821-4.
15. Chavan A, Karck M, Hagl C, Winterhalter M, Baus S, Galanski M,
Haverich A. Hybrid endograft for one-step treatment of multi-segment
disease of the thoracic aorta. J Vasc Interv Radiol 2005;16:823-9.
16. Svensson LG, Kim KH, Blackstone EH, Alster JM, McCarthy PM,
Greenberg RK, et al. Elephant trunk procedure: newer indications and
uses. Ann Thorac Surg 2004;78:109-16.
17. Jacobs MJ, de Mol BA, Elenbaas T, Mess WH, Kalkman CJ, Schurink
GW, Mochtar B. Spinal cord blood supply in patients with thoracoab-
dominal aortic aneurysms. J Vasc Surg 2002;35:30-7.
18. Jacobs MJ, Mess WH. The role of evoked potential monitoring in
operative management of type I and type II thoracoabdominal aortic
aneurysms. Semin Thorac Cardiovasc Surg 2003;15:353-64.
19. Jacobs MJ, Mess W, Mochtar B, Nijenhuis RJ, Statius van Eps RG,
Schurink GW. The value of motor evoked potentials in reducing para-
plegia during thoracoabdominal aneurysm repair. J Vasc Surg 2006;43:
239-46.
20. Coselli JS, Bozinovski J, LeMaire SA. Open surgical repair of 2286
thoracoabdominal aortic aneurysms. Ann Thorac Surg 2007;83:
S862-4.
JOURNAL OF VASCULAR SURGERY
April 2009892 Mommertz et al21. MacArthur RG, Carter SA, Coselli JS, LeMaire SA. Organ protection
during thoracoabdominal aortic surgery: rationale for a multimodality
approach. Semin Cardiothorac Vasc Anesth 2005;9:143-9.
22. Mommertz G, Sigala F, Langer S, Koeppel TA, Mess WH, Schurink
GW, Jacobs MJ. Thoracoabdominal aortic aneurysm repair in patients
with Marfan syndrome. Eur J Vasc Endovasc Surg 2008;35:181-6.
23. LeMaire SA, Carter SA, Coselli JS. The elephant trunk technique for
staged repair of complex aneurysms of the entire thoracic aorta. Ann
Thorac Surg 2006;81:1561-9.
24. Safi HJ, Miller CC III, Estrera AL, Huynh TT, Rubenstein FS, Subra-
maniam MH, Buja LM. Staged repair of extensive aortic aneurysms:
morbidity and mortality in the elephant trunk technique. Circulation
2001;104:2938-42.25. Heinemann MK, Buehner B, Jurmann MJ, Borst HG. Use of the
“elephant trunk technique” in aortic surgery. Ann Thorac Surg 1995;
60:2-6.
26. Massimo CG, Perna AM, Cruz Quadron EA, Artounian RV. Extended
and total simultaneous aortic replacement: latest technical modifications
and improved resultswith thirty-four patients. JCard Surg1997;12:261-9.
27. Minale C, Splittgerber FH, Wendt G, Messmer BJ. One-stage intratho-
racic repair of extended aortic aneurysms. J Card Surg 1994;9:604-13.
28. Coselli JS, Bozinovski J, Cheung C. Hypothermic circulatory arrest:
safety and efficacy in the operative treatment of descending and thora-
coabdominal aortic aneurysms. Ann Thorac Surg 2008;85:956-63.Submitted Sep 19, 2008; accepted Nov 9, 2008.
